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We study the effect of quenched disorder on the semimetal-superconductor quantum phase transi-
tion in a model of two-dimensional Dirac semimetal with N flavors of two-component Dirac fermions,
using perturbative renormalization group methods at one-loop order in a double epsilon expansion.
For N ≥ 2 we find that the Harris-stable clean critical behavior gives way, past a certain critical dis-
order strength, to a finite-disorder critical point characterized by non-Gaussian critical exponents,
a noninteger dynamic critical exponent z > 1, and a finite Yukawa coupling between Dirac fermions
and bosonic order parameter fluctuations. For N ≥ 7 the disordered quantum critical point is
described by a renormalization group fixed point of stable-focus type and exhibits oscillatory cor-
rections to scaling.
I. INTRODUCTION
The study of Dirac fermions in the presence of
quenched disorder is a problem of enduring interest due
to its relevance for a remarkable breadth of phenom-
ena in condensed matter physics, with early applica-
tions including disordered zero-gap semiconductors [1, 2],
the random-bond Ising model [3], and the integer quan-
tum Hall plateau transition [4]. The discovery of three-
dimensional (3D) topological semimetals [5] has led to
renewed interest in this problem, as evidenced by the
large number of theoretical studies of disordered Weyl [6–
21] and Dirac [22–27] semimetals having appeared in re-
cent years. While this body of work has largely focused
on the noninteracting limit, relatively fewer studies have
addressed the combined effect of disorder and electron-
electron interactions in Dirac fermion systems. Limit-
ing ourselves to 2D Dirac fermions, our prime concern,
such studies have addressed the interplay of interactions
and disorder on the integer quantum Hall plateau tran-
sition [28], the physics of graphene [29–34], and the sur-
faces of 3D topological insulators [35–37] and supercon-
ductors [38–40]. Recent work has also demonstrated the
possibility of novel critical phases in massless (2+1)D
relativistic quantum electrodynamics in the presence of
quenched disorder [41–43], with possible applications to
disordered spin liquids.
In this work we study the effect of quenched disorder on
the semimetal-superconductor quantum phase transition
of 2D Dirac fermions at charge neutrality. While previous
work involving one of us has already partially addressed
this problem using mean-field [34, 35] and standard ep-
silon expansion [35] methods, here we revisit this problem
using the double epsilon expansion [44–46] which is better
suited to the study of quantum critical phenomena in dis-
ordered systems. While the double epsilon expansion has
traditionally been applied to purely bosonic systems, e.g.,
the O(n) vector model with random-Tc disorder [44–46],
here we show that it can be applied to fermionic quantum
critical points (QCPs) described by quantum field the-
ories of the Gross-Neveu-Yukawa (GNY) type [47, 48],
exploiting the fact that, like the O(n) vector model,
such theories have an upper critical dimension of four
absent quenched disorder. We consider a model of 2D
Dirac semimetal with N flavors of two-component Dirac
fermions, and show that at leading (one-loop) order in
the double epsilon expansion, a Harris-stable clean QCP
gives way beyond a certain critical disorder strength
to a finite-disorder QCP [49] with non-Gaussian criti-
cal exponents and noninteger dynamic critical exponent
z > 1. Furthermore, Dirac fermions and bosonic or-
der parameter fluctuations are strongly coupled at this
QCP. The latter is therefore a first example of disordered
fermionic QCP, which combines the phenomenology of
finite-disorder bosonic QCPs [50] with that of (clean)
fermionic QCPs, where coupling between bosonic order
parameter fluctuations and gapless fermionic modes leads
to new universality classes beyond those of the purely
bosonic Landau-Ginzburg-Wilson paradigm.
The paper is structured as follows. In Sec. II we present
our model for the semimetal-superconductor transition in
the presence of quenched disorder. In Sec. III we outline
the basic steps of the renormalization group (RG) ap-
proach in the double epsilon expansion and present the
beta functions describing the flow under renormalization
of various coupling constants in the theory. In Sec. IV
we find RG fixed points, analyze their stability, and de-
termine how they are connected under the RG flow. In
Sec. V we determine the critical exponents at the various
fixed points and derive implications of the RG flow anal-
ysis for the phase diagram of the system. A brief conclu-
sion follows in Sec. VI, and the details of some derivations
are contained in two appendices to the paper.
II. MODEL
We consider a model of N flavors of two-component
Dirac fermions ψ1, ψ2, . . . , ψN in 2+1 dimensions, which
in the absence of interactions are described by the low-
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2energy imaginary-time Lagrangian
Lψ =
N∑
i=1
iψ¯i(γ0∂τ + cfγ · ∇)ψi, (1)
where γ0 and γ = (γ1, γ2) denote Euclidean 2 × 2 Dirac
matrices in 2+1 dimensions, obeying the SO(3) Clifford
algebra {γµ, γν} = 2δµνI2×2, µ, ν = 0, 1, 2, with I2×2 the
2×2 identity matrix, and ψ¯i = −iψi†γ0 is the Dirac con-
jugate. In a condensed matter system on a lattice the
N flavors would correspond to N symmetry-related lin-
ear band crossings in the Brillouin zone, with a common
Dirac velocity cf . We also assume the underlying micro-
scopic model is particle-hole symmetric, which excludes
any possible tilt of the Dirac cones. For a 3D topological
insulator the two components of the spinor ψi correspond
to physical spin; for a 2D Dirac semimetal like graphene
an equivalent four-component formulation is more natu-
ral (see Appendix A).
We will be interested in superconducting instabilities,
and consider subjecting the Dirac fermions to sufficiently
short-range attractive interactions. At low energies, the
various possible superconducting order parameters will
transform according to irreducible representations of the
symmetry group of (1). We will assume the microscopic
interactions are such that in a certain range of couplings
they favor pairing in the flavor-symmetric, s-wave, spin-
singlet channel, with an order parameter
N∑
i=1
〈ψiT iσ2ψi〉, (2)
where T denotes the transpose and σ1, σ2, σ3 are the
Pauli spin matrices, which act on the physical spin de-
grees of freedom. We consider first the clean limit, and
assume that the chemical potential is exactly at the Dirac
point. The transition from Dirac semimetal to supercon-
ductor at zero temperature proceeds via a QCP at fi-
nite attraction strength, since the density of states of the
Dirac semimetal vanishes at the Fermi energy [35, 51–
55]. The critical behavior at the QCP is governed by the
so-called chiral XY GNY model [48],
Lclean = Lψ + Lφ + Lφψψ, (3)
where
Lφ = |∂τφ|2 + c2b |∇φ|2 + r|φ|2 + λ2|φ|4, (4)
Lφψψ = hφ∗
N∑
i=1
ψiT iσ2ψ
i + H.c. (5)
The Lagrangian (3) describes gapless Dirac fermions in-
teracting with bosonic order parameter fluctuations φ
with velocity cb; r is a tuning parameter for the tran-
sition (r > 0 in the semimetal phase, r < 0 in the su-
perconducting phase, and r = 0 at criticality), and the
coupling constants λ2 and h obey λ2 > 0 and h2 > 0.
The absence of a term φ∗∂τφ linear in time derivatives
is a consequence of the assumed particle-hole symmetry
of the underlying microscopic model. The effective low-
energy Lagrangian (3) exhibits an emergent O(N) flavor
symmetry under ψi → Wijψj , with W an arbitrary or-
thogonal N×N matrix, and its critical properties for any
N can be accessed via an RG analysis in D = 4− space-
time dimensions [48, 55–57]. For N = 1, the model is ap-
plicable to the superconducting transition on the surface
of a 3D topological insulator with a single Dirac cone,
and features a QCP with emergent N = 2 supersymme-
try [56, 58–65]. For N = 4 the model describes the su-
perconducting transition in graphene [55]. In the infrared
limit, in which a Z3 anisotropy∼ (φ3+φ∗3) becomes irrel-
evant, the N = 4 case is argued to also belong to the same
universality class as that of the Kekule´ valence-bond-solid
transition in monolayer graphene [66–72], and possibly
also twisted bilayer graphene [73]. In Appendix A we
establish an equivalence between the two-component for-
mulation with Yukawa coupling to the Majorana mass
used here and in Ref. [63], and a four-component for-
mulation with normal and axial Dirac masses typically
used in discussions of graphene [55, 56], where the U(1)
symmetry is realized as an axial symmetry.
Focusing on the superconducting transition, we now
consider the effect of quenched disorder on this transition.
We assume a random potential V (x) that is smooth on
the scale of the microscopic lattice constant, i.e., that is
sufficiently long-range so as to not scatter Dirac fermions
between different valleys (see, e.g., Ref. [74]). The poten-
tial then couples identically to all fermion flavors,
Ldis = V (x)
N∑
i=1
ψi†ψi. (6)
Proceeding as in Ref. [35], we assume a Gaussian disorder
distribution with zero mean and variance ∆V ,
P [V (x)] ∝ e−
∫
d2xV (x)2/2∆V , (7)
and perform the quenched disorder average using the
replica trick [75]. This generates a four-fermion inter-
action nonlocal in time,
Sdis,f = −∆V
2
n∑
a,b=1
N∑
i,j=1
∫
d2x dτ dτ ′ (ψi†a ψ
i
a)(x, τ)
× (ψj†b ψjb)(x, τ ′), (8)
where the replica limit n → 0 is to be taken at the end
of the calculation. This effective interaction preserves
all the symmetries of the clean limit, including transla-
tion symmetry and O(N) flavor symmetry. As will be
explained in greater detail in Sec. III, in the context of
an RG analysis near four dimensions the four-fermion in-
teraction term (8) is strongly irrelevant in perturbation
theory, and thus would not appear to affect critical be-
havior in the scaling limit. However, at two-loop order
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FIG. 1. Random-Tc disorder is generated from random chem-
ical potential disorder at two-loop order (dotted lines: order
parameter fluctuations, solid lines: fermions, box: disorder-
induced four-fermion coupling).
this interaction generates an effective four-boson interac-
tion,
Sdis,b = −∆
2
n∑
a,b=1
∫
d2x dτ dτ ′ |φa|2(x, τ)|φb|2(x, τ ′),
(9)
where ∆ ∝ h4∆V at leading order in perturbation theory
(Fig. 1). The four-boson interaction (9) is identical to one
generated by Gaussian disorder in the coefficient of the
|φ|2 term in Eq. (4), i.e., random-Tc disorder. By con-
trast with Eq. (8), this interaction is relevant below four
dimensions [76] and must be included in an RG analysis
of the critical behavior, to which we now turn.
III. RG IN THE DOUBLE EPSILON
EXPANSION
In the limit of a unique fermion flavor N = 1, the prob-
lem so far described has been studied in Ref. [35] using
the  expansion in D = 4 −  spacetime dimensions. In
this expansion the four-fermion coupling ∆V in Eq. (8)
has an engineering dimension −1+, and is thus strongly
irrelevant at the Gaussian fixed point for small , while
the induced four-boson coupling ∆ in Eq. (9) has an en-
gineering dimension 1 + , which is strongly relevant at
the Gaussian fixed point. In the  expansion one thus
finds that disorder is relevant at the clean QCP also [35],
since dimensions of operators at this QCP only receive
O() corrections relative to their engineering dimensions.
In fact, the conventional  expansion below four dimen-
sions generally predicts runaway flows near QCPs with
random-Tc disorder [75]. While such runaway flows are
often interpreted as an indication that critical behavior
is destroyed, they really only signal the breakdown of
the conventional  expansion as well as the need for an-
other small parameter with which to tame RG flows gen-
erated by disorder. Here we will follow one particular
approach to fulfill this need, which consists in working
in d = 4 −  spatial and τ time dimensions, with both
 and τ treated as small parameters [44–46]. In the
present case, to access the physical problem in 2+1 di-
mensions one extrapolates  → 2 and τ → 1. (For a
study of quantum critical phenomena in disordered 3D
Dirac semimetals using a different type of double epsilon
expansion, see Ref. [77].)
A. Bare vs renormalized actions
Focusing first on the critical theory r = 0, we thus
study the replicated action
S =
∑
a
∫
ddx dτ τ
(
iψ¯a(/∂τ + cf /∇)ψa + |∂τφa|2 + c2b |∇φa|2 + λ2|φa|4 + h(φ∗aψTa iσ2ψa + H.c.)
)
− ∆
2
∑
ab
∫
ddx dτ τ dτ τ ′|φa|2(x, τ)|φb|2(x, τ ′), (10)
where a, b = 1, . . . , n are replica indices, we denote /∂τ ≡ γ0∂τ and /∇ ≡ γ · ∇ for simplicity, and we group the N
fermion flavors for each replica a into an O(N) vector, ψa ≡ (ψ1a, ψ2a, . . . , ψNa ). By rescaling the fermion and boson
fields as well as the time coordinate, and redefining the couplings in the Lagrangian, one can eliminate the velocities
cf and cb from the Lagrangian at the expense of multiplying |∂τφa|2 by the ratio (cf/cb)2, which we will denote c2.
To carry out an RG analysis of the above theory, we compare the bare action
SB =
∑
a
∫
ddxB d
τ τB
(
iψ¯a,B(/∂τB + /∇B)ψa,B + c2B |∂τBφa,B |2 + |∇Bφa,B |2 + λ2B |φa,B |4
+ hB(φ
∗
a,Bψ
T
a,Biσ2ψa,B + H.c.)
)
− ∆B
2
∑
ab
∫
ddxB d
τ τB d
τ τ ′B |φa,B |2(xB , τB)|φb,B |2(xB , τ ′B), (11)
4to the renormalized action
S =
∑
a
∫
ddx dτ τ
(
Z1iψ¯a /∂τψa + Z2iψ¯a /∇ψa + Z3c2|∂τφa|2 + Z4|∇φa|2 + Z5λ2µ−τ |φa|4
+ Z6hµ
(−τ )/2(φ∗aψ
T
a iσ2ψa + H.c.)
)
− Z7 ∆
2
µ
∑
ab
∫
ddx dτ τ dτ τ ′ |φa|2(x, τ)|φb|2(x, τ ′), (12)
where the renormalized couplings c2, λ2, h, ∆ are dimen-
sionless, and we have introduced a renormalization scale
µ. The renormalization constants Z1, . . . , Z7 are to be
calculated in perturbation theory. The bare and renor-
malized kinetic terms for the fermion match if one takes
xB = x, τB = ητ , and√
Z1ψa(x, τ) = η
(τ−1)/2ψa,B(xB , τB), (13)√
Z2ψa(x, τ) = η
τ/2ψa,B(xB , τB), (14)
which implies η = Z2/Z1. The dynamic critical exponent
z describes the relative scaling of space and time, which
in dimensionless units reads µτ ∼ (µ|x|)z. Defining the
anomalous dimensions
γi =
d lnZi
d lnµ
, i = 1, . . . , 7, (15)
this implies [42]
z = 1 + γ1 − γ2, (16)
since the bare coordinate xB and time τB do not depend
on µ. Likewise, the |∇φ|2 terms match if one requires√
Z4φa(x, τ) = η
τ/2φa,B(xB , τB). (17)
From Eq. (13)-(14) and (17) we find that the bare and
renormalized coupling constants are related by
c2 = Z−13 Z4
(
Z1
Z2
)2
c2B , (18)
λ2 = µ−(−τ )
(
Z1
Z2
)τ
Z24Z
−1
5 λ
2
B , (19)
h2 = µ−(−τ )
(
Z1
Z2
)τ
Z22Z4Z
−2
6 h
2
B , (20)
∆ = µ−Z24Z
−1
7 ∆B , (21)
from which we obtain the RG beta functions βg ≡
dg/d lnµ, g ∈ {c2, λ2, h2,∆},
βc2 = (2γ1 − 2γ2 − γ3 + γ4)c2, (22)
βλ2 =
(−(− τ ) + τ (γ1 − γ2) + 2γ4 − γ5)λ2, (23)
βh2 =
(−(− τ ) + τ (γ1 − γ2) + 2γ2 + γ4 − 2γ6)h2,
(24)
β∆ = (−+ 2γ4 − γ7)∆, (25)
using the fact that the bare couplings c2B , λ
2
B , h
2
B , and
∆B are independent of µ. For  > τ > 0, the couplings
λ2, h2, and ∆ are relevant at the Gaussian fixed point,
and one may hope to find a controlled fixed point in per-
turbation theory for small , τ . Note that at tree level,
the fermion field has scaling dimension [ψ] = (3−+τ )/2
and the boson field, [φ] = (2 −  + τ )/2. Therefore the
four-fermion disorder-induced coupling ∆V in Eq. (8) has
dimension
d+ 2τ − [ψ†ψψ†ψ] = −2 + , (26)
which is strongly irrelevant for small , τ , justifying our
excluding it from the action (10).
To determine the correlation length exponent ν one
needs to compute the RG eigenvalue of the scalar field
mass term |φ|2 at the QCP, which is done by adding
the term
∑
a rB |φa,B |2 to the bare Lagrangian and∑
a Zrrµ
2|φa|2 to its renormalized counterpart. Equat-
ing the two gives the relation
r = µ−2Z4Z−1r rB , (27)
which yields the usual expression for the inverse correla-
tion length exponent [78],
ν−1 = 2− γ4 + γr, (28)
defining γr = d lnZr/d lnµ as for the other renormal-
ization constants. Finally, the fermion γψ and boson
γφ anomalous dimensions are obtained from γψ,φ =
d lnZψ,φ/d lnµ where we define Zψ and Zφ via
ψa,B(xB , τB) =
√
Zψψa(x, τ), (29)
φa,B(xB , τB) =
√
Zφφa(x, τ). (30)
Using Eq. (13)-(14) and (17) we find
γψ = γ2 + τ (z − 1), (31)
γφ = γ4 + τ (z − 1). (32)
B. Renormalization constants
To derive the beta functions (22)-(25) one must first
compute the renormalization constants Z1, . . . , Z7, and
to determine the correlation length exponent one must
calculate Zr. Here we adopt the standard field-theoretic
approach, with renormalization constants calculated at
5i, a
p0,p p0,p
a
q0, q
a a
a a
 2q0, q
i, a a
/p
p2
1
c2p20 + p
2
h
h
b
a a
b
a
i, a
i, a
i, a
i, a
a  (2⇡)✏⌧  (q0) 
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FIG. 2. Feynman rules associated with the replicated action;
a, b are replica indices, i is a fermion flavor index, and q0, q
denotes the frequency-momentum transfer from top to bot-
tom.
one-loop order in the modified minimal subtraction (MS)
scheme with dimensional regularization. The Feynman
rules associated with the replicated action are illustrated
schematically in Fig. 2; the fermion and boson propaga-
tors are given by
Gijab(p) = 〈ψia(p)ψ¯jb(p)〉 = δabδij
/p
p2
, (33)
Dab(p) = 〈φa(p)φ∗b(p)〉 =
δab
c2p20 + p
2
, (34)
denoting the spacetime momentum by p = (p0,p) and
/p = γµpµ.
In the MS scheme, the renormalization constants are
computed order by order in the loop expansion by writ-
ing Zi = 1 + δZi, i = 1, . . . , 7, r and demanding that the
δZi cancel the ultraviolet divergences of the one-particle
irreducible (1PI) effective action. In dimensional regular-
ization, this means that at one-loop order the δZi, which
are computed from the Feynman diagrams in Fig. 3, con-
tain simple poles in  and − τ . We present the details
of the calculation in Appendix B; here we simply quote
(a) (b) (c)
(d)
(e) (f) (g)
(h) (i)
FIG. 3. One-loop diagrams for the renormalization of (a,b,c)
the boson two-point function; (d) the fermion two-point func-
tion; (e,f,g) the boson self-interaction λ2; (h,i) the disorder
strength ∆. At this order there is no renormalization of the
Yukawa coupling h.
the results (after taking the replica limit n→ 0):
Z1 = 1− 8h
2
− τ f(c
2), (35)
Z2 = 1− 4h
2
− τ , (36)
Z3 = 1− 2∆

− 4Nh
2c−2
− τ , (37)
Z4 = 1− 4Nh
2
− τ , (38)
Z5 = 1 +
20λ2
− τ −
16Nh4λ−2
− τ −
12∆

, (39)
Z6 = 1, (40)
Z7 = 1 +
16λ2
− τ −
8∆

, (41)
Zr = 1 +
8λ2
− τ −
2∆

, (42)
where we have rescaled the coupling constants accord-
ing to g/(4pi)2 → g, g ∈ {λ2, h2,∆}, and we define the
dimensionless function (see Fig. 4),
f(c2) =
c2(c2 − 1− ln c2)
(c2 − 1)2 . (43)
6C. Beta functions and anomalous dimensions
To calculate the beta functions, we first use the chain
rule to write
γi =
1
Zi
dZi
d lnµ
=
1
Zi
∑
g
∂Zi
∂g
βg, (44)
for i = 1, . . . , 7 and g ∈ {c2, λ2, h2,∆}, which when sub-
stituted into the expressions (22)-(25) gives a linear sys-
tem of equations for the beta functions. Expanding the
beta functions to quadratic order in the couplings, we
find that all poles in  and − τ cancel, and obtain
βc2 = −2c2∆ + 4h2
[
c2
(
4f(c2) +N − 2)−N] , (45)
βλ2 = −(− τ )λ2 − 12∆λ2 + 20λ4 + 8Nh2λ2 − 16Nh4,
(46)
βh2 = −(− τ )h2 + 4(N + 2)h4, (47)
β∆ = −∆− 8∆2 + 16∆λ2 + 8N∆h2. (48)
Setting τ = 0 and ∆ = 0, Eq. (47) and (46) reduce to
the one-loop beta functions of the chiral XY GNY model
in the ordinary 4 −  expansion (e.g., Eq. (19)-(20) in
Ref. [57] in the e2 = 0 limit). Note that the above beta
functions are perturbative in λ2, h2, and ∆, but exact in
the relative velocity parameter c2.
Using Eq. (44), from the renormalization constants
(35)-(41) and the beta functions (45)-(48) we can cal-
culate the anomalous dimensions γi, and from those the
critical exponents ν−1, z, γψ, and γφ. We obtain
ν−1 = 2− 4Nh2 − 8λ2 + 2∆, (49)
z = 1 + 4h2
(
2f(c2)− 1), (50)
γψ = 4h
2
[
1 +
(
2f(c2)− 1)τ ] , (51)
γφ = 4Nh
2
[
1 +
(
2f(c2)− 1) τ
N
]
, (52)
which are meant to be evaluated at the RG fixed points
(c2∗, λ
2
∗, h
2
∗,∆∗) discussed in the following section. At
one-loop order h2∗ ∼ O(, τ ), thus the subleading cor-
rection proportional to τ in the fermion (51) and boson
(52) anomalous dimensions should be discarded. In other
words, at one-loop order the correction z − 1 to the dy-
namic critical exponent is O(, τ ), which gives a term
quadratic in , τ in Eq. (31)-(32) that should be treated
on par with two-loop corrections to γ2, γ4, and thus elim-
inated when working at one-loop order.
IV. RG FLOW ANALYSIS
We now search for fixed points of the flow equations
(45)-(48), i.e., common zeros (c2∗, λ
2
∗, h
2
∗,∆∗) of the beta
functions, which correspond to possible (multi)critical
points for the semimetal-superconductor transition. In
the double epsilon expansion, the nature of the fixed
0 2 4 6 8 10
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FIG. 4. Plot of f(c2) in Eq. (43), with c2 = (cf/cb)
2 the
velocity ratio squared; f(0) = 0, f(1) = 1
2
, and f(∞) = 1.
points and their stability depend sensitively on the ra-
tio /τ (especially for disordered fixed points with ∆∗ 6=
0) [44–46]. Since we are interested in the limit → 2 and
τ → 1, corresponding to 2+1 dimensions, we set  = 2τ
and expand to leading order in τ .
A. Fixed points
First considering possible clean fixed points with ∆∗ =
0, we find the Gaussian fixed point (c2∗, 0, 0, 0) and O(2)
Wilson-Fisher fixed point (c2∗,
τ
20 , 0, 0), where c
2
∗ is arbi-
trary since the velocity parameter flows under RG only
in the presence of disorder or a nonzero Yukawa coupling
[Eq. (45)]. We also find a GNY fixed point for all N ,
(
1,
2−N +√N2 + 76N + 4
40(N + 2)
τ ,
τ
4(N + 2)
, 0
)
, (53)
corresponding to the semimetal-superconductor QCP in
the clean limit, and in agreement with earlier studies [48,
55–57]. Note that λ2∗ > 0 for all N ≥ 1. Since f(1) = 12
(see Fig. 4), from Eq. (50) one finds z = 1, and the clean
QCP has emergent Lorentz invariance.
We now look for possible disordered fixed points with
∆∗ 6= 0. Since at one-loop order βh2 depends on h2
alone [Eq. (47)], we can separately consider the cases
with h2∗ zero and nonzero. For h
2
∗ = 0, we find the fixed
point (0, τ2 , 0,
3τ
4 ) for all N [79], which corresponds to
the disordered fixed point of the purely bosonic O(2)
model [44–46] and describes the superfluid-Mott glass
transition in the presence of exact particle-hole symme-
try [80]. For h2∗ 6= 0, as already mentioned one necessarily
has h2∗ = τ/[4(N+2)] like at the clean fixed point (CFP)
in Eq. (53), regardless of the values of λ2∗ and ∆∗. Solving
for a common zero of βλ2 and β∆, we find two nontrivial
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FIG. 5. Critical velocity parameters c2∗ at the first disordered
fixed point (DFP 1), the second disordered fixed point (DFP
2), and the clean fixed point (CFP, c2∗ = 1), as a function of
N ≥ 2.
disordered fixed points (DFP),
DFP 1:
(
c2∗,DFP1,
τ
N + 2
,
τ
4(N + 2)
,
3τ
2(N + 2)
)
, (54)
DFP 2:
(
c2∗,DFP2,
Nτ
4(N + 2)
,
τ
4(N + 2)
,
(N − 1)τ
2(N + 2)
)
.
(55)
As they occur at finite Yukawa coupling, and thus involve
strongly coupled bosonic and fermionic critical fluctua-
tions, we will term these fixed points fermionic disor-
dered fixed points. The critical couplings λ2∗, h
2
∗, and ∆∗
are strictly positive, and thus physical, for all N ≥ 2. In-
serting (54) and (55) into βc2 , one numerically finds that
in both cases βc2 has a unique zero at a positive value of
c2 for all N ≥ 2 (Fig. 5). For DFP 1, one can derive the
lower bound c2∗,DFP1 ≥ N/(N − 1), and c2∗,DFP1 tends to
one as N increases. For DFP 2, c2∗,DFP2 increases without
bound as N increases, and we have c2∗,DFP2 ≥ N/3.
The cases N = 1 and N = 4 are special. As N ap-
proaches one from above, DFP 2 merges with the clean
fixed point, with c2∗,DFP2 → c2∗,CFP = 1, while DFP 1
moves off to infinite coupling (c2∗,DFP1 →∞). As can be
gleaned by looking at Eq. (54)-(55) and Fig. 5, as N → 4
DFP 1 and DFP 2 also merge. In accordance with the
general scenario governing the pairwise merging and an-
nihilation of fixed points [81], and as will be elaborated
upon below, in the presence of disorder we expect to find
marginal scaling at the clean fixed point for N = 1 and at
the (unique) fermionic disordered fixed point for N = 4.
B. Linear stability analysis
We now perform a linear stability analysis for the fixed
points found in the previous section, within the critical
hypersurface r = 0. In the absence of disorder, as found
previously [48, 55–57] the Gaussian and O(2) Wilson-
Fisher fixed points have at least one unstable direction,
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FIG. 6. RG flows for N = 1, with marginal flow (brown line)
away from the CFP.
while the CFP is stable and describes the critical behav-
ior at the transition. In the presence of disorder, both
the Gaussian and O(2) Wilson-Fisher fixed points ac-
quire an additional unstable direction. At the CFP, the
RG eigenvalue (defined as the negative of the slope of the
ultraviolet beta functions) corresponding to disorder is
−2
5
(√
N2 + 76N + 4−N − 8
N + 2
)
τ , (56)
which is strictly negative for all N ≥ 2. Thus disorder
is perturbatively irrelevant at the CFP for all N ≥ 2.
For N = 1, the eigenvalue (56) vanishes and one has
marginal scaling, as expected from the discussion at the
end of the last section. Expanding the beta functions to
quadratic order in the couplings near the CFP, we find
that disorder is marginally relevant.
Turning now to the disordered fixed points, we find
that the disordered O(2) Wilson-Fisher fixed point is
destabilized by a nonzero Yukawa coupling for all N . By
contrast, the stability of DFP 1 and DFP 2 depends on
N . For N = 2, 3, DFP 1 is stable while DFP 2 has
one unstable direction; for N = 4, DFP 1 and DFP 2
merge into a single fermionic disordered fixed point with
marginal flow; for N ≥ 5, DFP 1 and DFP 2 exchange
their stability properties, i.e., DFP 2 is stable and DFP
1 has one unstable direction. As previously mentioned,
for N = 1 no finite-disorder fixed points remain.
C. RG flows
Having investigated the linearized RG flow near the
fixed points, we now analyze the full flow in the four-
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FIG. 7. RG flows for N = 2, with separatrix (green line)
controlled by DFP 2 between the CFP and DFP 1.
dimensional space of couplings, as given by the solution
of the coupled differential equations (45)-(48). Since the
beta function for the Yukawa coupling (47) is indepen-
dent of c2, λ2, and ∆, the CFP, DFP 1, and DFP 2 share
a common fixed-point value of h2∗ = τ/[4(N + 2)]. Fur-
thermore, we find that the scaling field corresponding to
the relative velocity parameter c2 is irrelevant at each of
those fixed points (except for N = 1, which is discussed
separately below). Therefore we will plot the projection
of the RG flow in the λ2-∆ plane at fixed h2 = h2∗.
In Fig. 6 we plot the projected RG flows for N = 1.
There is marginal flow away from the CFP, with nonzero
projections along the λ2, ∆, and c2 directions. The point
(λ,∆) = (τ/3, τ/2) towards which the marginal flow
leads in Fig. 6 is a remnant of DFP 1 [see Eq. (54)], but
is not a fixed point as it is impossible to make βc2 vanish
there for N = 1. The marginal flow at the CFP implies
the existence of a Landau pole that can be interpreted
as a crossover temperature scale T ∗ ∼ Λe−1/α∆0 above
which scaling in the quantum critical fan is controlled
by the CFP, where Λ is a high-energy cutoff, ∆0 is a di-
mensionless measure of the bare disorder strength, and
α is a numerical factor of order unity. Below T ∗ the run-
away flow suggests the existence of a new fixed point, not
accessible at one-loop order, or a first-order transition.
In Fig. 7 we plot the flow diagram for N = 2. As
found in the linear stability analysis, the CFP and DFP
1 are stable fixed points while DFP 2 has one unstable
direction, and controls a separatrix surface (appearing
as a line in the λ2-∆ plane) that separates the basins of
attraction of the CFP and DFP 1. For N = 3, the flow
diagram is qualitatively similar but DFP 1 and DFP 2
approach each other; at N = 4 they merge into a single
DFP with marginal flow towards the CFP (Fig. 8).
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FIG. 8. RG flows for N = 4: DFP 1 and DFP 2 merge into a
single DFP with marginal flow towards the CFP.
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FIG. 9. RG flows for N = 5.
For N = 5 (Fig. 9) and N = 6, the flow diagram
is qualitatively similar as that for N = 2 and N = 3,
but the stability properties of DFP 1 and DFP 2 are
interchanged. DFP 1 now controls the separatrix, and
DFP 2 is the stable fixed point. For N ≥ 7, this state
of affairs remains, but two irrelevant eigenvalues of the
stability matrix acquire a nonzero imaginary part. Since
the stability matrix is real, they are complex conjugates
ω± = ω′ ± iω′′, but their real part ω′ (defining ω± to be
the eigenvalues of the Jacobian matrix of the ultraviolet
beta functions) remains positive, since they correspond
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FIG. 10. RG flows for N = 20; DFP 2 is a fixed point of
stable-focus type for all N ≥ 7.
to irrelevant directions. We obtain
ω± =
N + 8± i√3N(5N − 32)
2(N + 2)
τ . (57)
As a consequence of the nonzero imaginary part, RG tra-
jectories spiral around DFP 2, and the latter becomes a
fixed point of stable-focus type. Such fixed points have
been found before in disordered O(n) magnets [44, 82].
As an illustrative example, we plot the RG flows for
N = 20 in Fig. 10 (stable-focus behavior is obtained for
all N ≥ 7, but ω′′ is larger — and thus the spiraling
trajectories more easily seen — for larger N .)
V. CRITICAL EXPONENTS AND PHASE
DIAGRAM
From Eq. (49)-(52) and the fixed point couplings (53),
(54), (55) we can now determine the critical exponents
at the various fixed points (Table I), where ηψ, ηφ denote
the anomalous dimensions γψ, γφ evaluated at the fixed
point.
Fixed point ν−1 z − 1 ηψ ηφ
CFP 2−
(
4N + 2 +
√
N2 + 76N + 4
5(N + 2)
)
τ 0
τ
N + 2
Nτ
N + 2
DFP 1 2−
(
N + 5
N + 2
)
τ
3 +
(
1−c2∗
c2∗
)
N
2(N + 2)
τ
τ
N + 2
Nτ
N + 2
DFP 2 2−
(
2N + 1
N + 2
)
τ
N
c2∗
− 1
2(N + 2)
τ
τ
N + 2
Nτ
N + 2
TABLE I. Critical exponents at the CFP, DFP 1, and DFP 2.
ForN = 1, the CFP becomes the supersymmetric fixed
point with ηψ = ηφ = τ/3 [56, 58–64]. At the present
one-loop order, the fermion/boson anomalous dimensions
ηφ and ηψ only depend on the Yukawa coupling h
2, which
is the same at each fixed point as observed earlier. This
state of affairs will change at higher loop orders, and we
expect the anomalous dimensions to differ at different
fixed points in general.
We plot the inverse correlation length exponent ν−1 ex-
trapolated to τ = 1 as a function of N ≥ 2 in Fig. 11. In
accordance with the linear stability analysis in Sec. IV B,
the CFP obeys the Harris criterion [83], according to
which clean critical behavior is stable against random-
Tc disorder if
ν−1 < d/2, (58)
where d = 2 is the (physical) spatial dimension and ν−1
is the inverse correlation length exponent in the clean
limit. At the CFP, ν−1 is strictly less than one for all
1 < N <∞ and reaches one at both N = 1 and N =∞;
thus for N = 1 the CFP is Harris marginal, as found in
Sec. IV. Note that in the context of a perturbative RG
analysis, it is more appropriate to use the Harris criterion
in the form (58), rather than in the usual form ν > 2/d,
as (58) simply expresses the condition of perturbative ir-
relevance of the disorder-induced interaction (9), namely
that its scaling dimension 2(d+ τ − ν−1) be larger than
the effective spacetime dimensionality d + 2τ appropri-
ate for this interaction. However, this makes clear the
fact that the Harris criterion is one of perturbative sta-
bility, and does not preclude the existence of disordered
critical points occurring past a certain finite critical dis-
order strength, as found here. At the DFP 1 (DFP 2),
ν−1 increases (decreases) monotonically as N increases,
asymptotically reaching 1 (0) at N = ∞. Thus at all
fixed points ν−1 ≤ 1, in agreement with the Chayes in-
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FIG. 11. Inverse correlation length exponent ν−1 for τ = 1,
as a function of N ≥ 2.
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FIG. 12. Correction z − 1 to the dynamic critical exponent
for τ = 1 at the two disordered fixed points, as a function of
N .
equality ν−1 ≤ d/2 for critical points in disordered sys-
tems [84].
We also plot the deviation of the dynamic critical ex-
ponent z from unity at DFP 1 and DFP 2 in Fig. 12, as a
function of N ≥ 2, and extrapolated to τ = 1 (or equiv-
alently, in units of τ ). The dynamic critical exponent
depends on the fixed-point value of the relative velocity
parameter c2∗, itself plotted in Fig. 5.
Finally, by contrast with standard RG fixed points
of source/sink type where RG trajectories approach the
fixed point monotonically, fixed points of stable-focus
type, such as the DFP 2 for N ≥ 7, are known to lead
to oscillatory corrections to scaling laws [82]. In particu-
lar, the uniform, static order parameter susceptibility χ,
which obeys the usual scaling law χ ∼ |r|−γ with γ the
susceptibility exponent, develops corrections of the form
χ ∼ |r|−γ
[
1 + C
∣∣∣∣ rr0
∣∣∣∣νω′ cos(νω′′ ln ∣∣∣∣ rr0
∣∣∣∣+ φ)+ . . .
]
,
(59)
where r0, C, and φ are nonuniversal constants that de-
pend on the initial distance to the fixed point within the
critical hypersurface r = 0, but the exponents ω′ and
ω′′, given in Eq. (57) and plotted in Fig. 13, are univer-
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FIG. 13. Exponents ω′ and ω′′ appearing in oscillatory cor-
rections to scaling at DFP 2 for N ≥ 7, for τ = 1.
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FIG. 14. Cuts of the separatrix surface at constant λ2 for
N = 8.
sal properties of the fixed point. [See Appendix C for a
derivation of Eq. (59).]
The separatrix surface for N ≥ 2 mentioned in
Sec. IV C has interesting nonmonotonicity properties. As
the direction corresponding to the relative velocity pa-
rameter c2 is always irrelevant at the CFP, DFP 1, and
DFP 2 for N ≥ 2, it is sufficient to consider the sep-
aratrix as a 2D surface in the 3D reduced parameter
space (λ2, h2,∆). In Fig. 14 we plot three cuts through
this surface at constant λ2 that are representative of the
qualitative behavior we have observed numerically for all
N ≥ 2, and which can be summarized as follows. Let
∆ = gλ2(h
2) be an equation describing the separatrix
curve in the h2-∆ plane for a given λ2. Then there al-
ways exists an interval [h21, h
2
2], dependent on λ
2, and a
value λ21 such that for λ
2 < λ21, the function gλ2(h
2) is
double valued. Conversely, consider describing the same
separatrix curve by the equation h2 = g−1λ2 (∆) where g
−1
is the inverse function. Then likewise there always ex-
ists an interval [∆1,∆2], dependent on λ
2, and a value
λ22 < λ
2
1 such that for λ
2 < λ22 the function g
−1
λ2 (∆) is dou-
ble valued. This double-valued/nonmonotonic behavior
of the separatrix surface has potential consequences for
the phase diagram of the system as will be discussed be-
low.
By following the RG trajectories from a set of initial
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conditions for the coupling constants (c2, λ2, h2,∆) one
can deduce the following implications for the phase dia-
gram of the system. The N = 1 case has already been
discussed previously: the one-loop analysis does not al-
low one to determine the ultimate fate of the quantum
critical point, which can either fall in a new universality
class or become a first-order transition. For N ≥ 2, con-
sider as tuning variables the critical tuning parameter for
the transition, r, and the disorder strength ∆, assuming
that λ2 and h2 are held fixed. For ∆ = 0 the transition is
between a clean Dirac semimetal and a superconductor,
and is in the universality class of the CFP. For suffi-
ciently small nonzero ∆, the initial conditions in param-
eter space remain in the basin of attraction of the CFP
and the universality class of the transition is still con-
trolled by the latter. While irrelevant at the critical point
in the double epsilon expansion, chemical potential dis-
order — which led to the disorder-induced four-fermion
interaction in Eq. (8) — is known to generate a nonzero
density of states at (2+1)D Dirac points in the absence of
electron-electron interactions, producing diffusive metal-
lic behavior [2, 4, 85]. In other words, Eq. (8) can be
thought of as a dangerously irrelevant interaction. Note
that we considered sufficiently smooth disorder, such that
there is no backscattering between different Dirac points
and thus no localization effects. As a result, for ∆ > 0
the transition is really from a diffusive metal to a su-
perconductor. Rare-region effects will likely lead to the
formation of quantum Griffiths phases on both sides of
the transition [50], characterized by essential Griffiths-
McCoy singularities, but are expected to produce expo-
nentially small corrections to thermodynamic observables
at the critical point [86].
As ∆ increases, it eventually crosses the separatrix sur-
face at a certain critical value ∆c,1, and for ∆ > ∆c,1
enters the basin of attraction of a disordered fixed point.
Thus for N = 2 and N = 3, the universality class of
the transition is controlled by the CFP for ∆ < ∆c,1, by
DFP 2 for ∆ = ∆c,1, which is a multicritical point, and
by DFP 1 for ∆ > ∆c,1 [see Fig. 15(a)]. For N = 4, for
∆ > ∆c,1 the RG trajectories flow back to the (unique)
DFP, such that the universality class of the transition is
controlled by the DFP for ∆ ≥ ∆c,1 [Fig. 15(b)]. For
N ≥ 5, the scenario is the same as for N = 2 and N = 3
but the roles of DFP 1 and DFP 2 are exchanged, with
DFP 1 acting as multicritical point at ∆ = ∆c,1 and
DFP 2 controlling the critical behavior for ∆ > ∆c,1
[Fig. 15(c)].
As mentioned earlier and illustrated in Fig. 14, for suf-
ficiently small λ2 there is always an interval of values
of h2 for which the separatrix curve is a double-valued
function of h2. As a result, if the initial value of h2 is
contained in this interval, as the disorder strength ∆ in-
creases from zero the universality class of the transition
will be first controlled by the CFP, then by one of the dis-
ordered fixed points (depending on the value of N), and
then again by the CFP [Fig. 15(d)]. However, this coun-
terintuitive behavior may be an artefact of the one-loop
r
<latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit>
 
<latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcK uCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1vZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQ ReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4 p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcK uCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1vZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQ ReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4 p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcK uCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1vZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQ ReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4 p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit>
SC
<latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit>
DM<latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit>
DFP 2<latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit><latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit><latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit>
DFP 1<latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit>CFP<latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit>
SM
<latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit>
r
<latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit>
 
<latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1v ZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1v ZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1v ZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit>
SC
<latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit>
DM<latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit>
CFP
<latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit>
SM
<latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit>
r
<latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit>
 
<latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcK uCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1vZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQ ReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4 p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcK uCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1vZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQ ReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4 p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcK uCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1vZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQ ReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4 p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit>
SC
<latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit>
DM<latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit>
DFP 2<latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit><latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit><latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit>
DFP 1<latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit>
CFP
<latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit>
SM
<latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit>
DFP<latexit sha1_base64="uO6Xqeo702I1UKKowQwV00QBRBc=">AAAB8XicdVDLSgMxFM34rPVVdekmWAQXMmTG0seuqIjLio4ttINkMmkbmskMSUYoQz/BrYIrcesX6deYaSuo6IHA4dxzb+49QcKZ0gi9WwuLS8srq4W14vrG5tZ2aWf3VsWpJNQjMY9lJ8CKciaop5n mtJNIiqOA03YwOsvr7XsqFYvFjR4n1I/wQLA+I1gb6fr8onVXKiO7Ua+6lSpENkI1x3Vy4tYqJxXoGCVHGcxh/B+9MCZpRIUmHCvVdVCi/QxLzQink2IvVTTBZIQHtGuowBFVfjZddQIPjRLCfizNExpO1e8dGY6UGkfBsTKjhzQ0HRHWQ/Xbk4t/1bqp7tf9jIkk1VSQ2Yf9lEMdw/x+GDJJieZjQzCRzOwMyRBLTLRJqWjC+LoY/k88127Y6MotN0/nqRTAPjgAR8ABNdAEl6AFPEDAADyAR/BkaevZerFeZ9YFa96zB37AevsEFquQxQ==</latexit><latexit sha1_base64="uO6Xqeo702I1UKKowQwV00QBRBc=">AAAB8XicdVDLSgMxFM34rPVVdekmWAQXMmTG0seuqIjLio4ttINkMmkbmskMSUYoQz/BrYIrcesX6deYaSuo6IHA4dxzb+49QcKZ0gi9WwuLS8srq4W14vrG5tZ2aWf3VsWpJNQjMY9lJ8CKciaop5n mtJNIiqOA03YwOsvr7XsqFYvFjR4n1I/wQLA+I1gb6fr8onVXKiO7Ua+6lSpENkI1x3Vy4tYqJxXoGCVHGcxh/B+9MCZpRIUmHCvVdVCi/QxLzQink2IvVTTBZIQHtGuowBFVfjZddQIPjRLCfizNExpO1e8dGY6UGkfBsTKjhzQ0HRHWQ/Xbk4t/1bqp7tf9jIkk1VSQ2Yf9lEMdw/x+GDJJieZjQzCRzOwMyRBLTLRJqWjC+LoY/k88127Y6MotN0/nqRTAPjgAR8ABNdAEl6AFPEDAADyAR/BkaevZerFeZ9YFa96zB37AevsEFquQxQ==</latexit><latexit sha1_base64="uO6Xqeo702I1UKKowQwV00QBRBc=">AAAB8XicdVDLSgMxFM34rPVVdekmWAQXMmTG0seuqIjLio4ttINkMmkbmskMSUYoQz/BrYIrcesX6deYaSuo6IHA4dxzb+49QcKZ0gi9WwuLS8srq4W14vrG5tZ2aWf3VsWpJNQjMY9lJ8CKciaop5n mtJNIiqOA03YwOsvr7XsqFYvFjR4n1I/wQLA+I1gb6fr8onVXKiO7Ua+6lSpENkI1x3Vy4tYqJxXoGCVHGcxh/B+9MCZpRIUmHCvVdVCi/QxLzQink2IvVTTBZIQHtGuowBFVfjZddQIPjRLCfizNExpO1e8dGY6UGkfBsTKjhzQ0HRHWQ/Xbk4t/1bqp7tf9jIkk1VSQ2Yf9lEMdw/x+GDJJieZjQzCRzOwMyRBLTLRJqWjC+LoY/k88127Y6MotN0/nqRTAPjgAR8ABNdAEl6AFPEDAADyAR/BkaevZerFeZ9YFa96zB37AevsEFquQxQ==</latexit>
r
<latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit><latexit sha1_base64="KO9ECDOcx0D5JvRqmRtaDEJNbGo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJK KoN6KXjy2YGyhDWWzmbRLN5uwuxFK6C/wquBJvPqT9Ne4bXPQ1gcLjzfzZmdekAqujet+OSura+sbm6Wt8vbO7t5+5eDwUSeZYuixRCSqE1CNgkv0DDcCO6lCGgcC28HoblpvP6HSPJEPZpyiH9OB5BFn1FippfqVqltzZyDLpF6Q KhRo9ivfvTBhWYzSMEG17tbd1Pg5VYYzgZNyL9OYUjaiA+xaKmmM2s9ni07IqVVCEiXKPmnITP3tyGms9TgOzrUdPcTQOmJqhnqxZyr+V+tmJrr2cy7TzKBk8w+jTBCTkOn1JOQKmRFjSyhT3O5M2JAqyozNqGzDqC+evky8i9pNz W1dVhu3RSolOIYTOIM6XEED7qEJHjBAeIYXeHWU8+a8Ox/z1hWn8BzBHzifP8oykAk=</latexit>
 
<latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1v ZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1v ZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit><latexit sha1_base64="LVNd3gkgDXMb6DETeXOrDIs82gI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCOotqAePEdwkkCxhdrY3GTP7YGZWCUv+wauCJ/Hq/+jXOHkcNLGgoajumukuPxVcadv+sgpLyyura8X10sbm1v ZOeXevoZJMMnRZIhLZ8qlCwWN0NdcCW6lEGvkCm/7getxvPqJUPInv9TBFL6K9mIecUW2kRucGhabdcsWu2hOQReLMSAVmqHfL350gYVmEsWaCKtV27FR7OZWaM4GjUidTmFI2oD1sGxrTCJWXT7YdkSOjBCRMpKlYk4n625HTSKlh5J8o83QfA+OIqO6r+Zmx+F+vnenwwst5nGYaYzb9MMwE0QkZR0ACLpFpMTSEMsnNzoT1qaRMm6BKJgxn/vRF4p5WL6v23VmldjVLpQgHcAjH4MA51OAW6uACgwd4hhd4tZ6sN+vd+piOFqyZZx/+wPr8AVqMkg8=</latexit>
SC
<latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit><latexit sha1_base64="gpxkDBmKD6NUBKPX3WpG+f0fybc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNjNRb0Fc/EYH2sCyRJmZ3 uTIbMPZmaFsOQPvCp4Eq/+kX6Nk2QPmlgwUFR39XSXnwqutG1/WSura+sbm6Wt8vbO7t5+5eDwUSWZZOiyRCSy41OFgsfoaq4FdlKJNPIFtv1Rc1pvP6FUPIkf9DhFL6KDmIecUW2ku/tmv1K1a/YMZJk4BalCgVa/8t0LEpZFGGsmqFJdx061l1OpORM4KfcyhSllIzrArqExjVB5+ WzTCTk1SkDCRJoXazJTfztyGik1jvxzZUYPMTCOiOqhWuyZiv/VupkOL72cx2mmMWbzD8NMEJ2Q6fkk4BKZFmNDKJPc7EzYkErKtAmpbMJwFk9fJm69dlWzb+vVxnWRSgmO4QTOwIELaMANtMAFBiE8wwu8Wsp6s96tj3nrilV4juAPrM8fJmuQNQ==</latexit>
DM<latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit><latexit sha1_base64="r1kxIqw2HeJmtQ+8a1SfgXKLuj8=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8SEl6UW9FPXgRqhhbaEPZbC bt0s0m7G6EEvoPvCp4Eq/+I/01btsctPXBwuPNvNmZF6ScKe04X9bS8srq2nppo7y5tb2zW9nbf1RJJil6NOGJbAdEIWcCPc00x3YqkcQBx1YwvJrUW08oFUvEgx6l6MekL1jEKNFGur++7VWqTs2Zwl4kbkGqUKDZq3x3w4RmMQpNOVGq4zqp9nMiNaMcx+VupjAldEj62DFUkBiVn 083HdvHRgntKJHmCW1P1d+OnMRKjeLgVJnRAwyNIyZ6oOZ7JuJ/tU6mo3M/ZyLNNAo6+zDKuK0Te3K+HTKJVPORIYRKZna26YBIQrUJqWzCcOdPXyRevXZRc+7q1cZlkUoJDuEITsCFM2jADTTBAwoRPMMLvFrKerPerY9Z65JVeA7gD6zPHx6lkDA=</latexit>
DFP 2<latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit><latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit><latexit sha1_base64="AQ060ZZA2xCTOuMdu2BDF0eDhr8=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgQUqyB9veiop4rODaQruUbJ ptQ7PZJckWytJn8KrgSbz6QPo0ZtsKKjoQGGa+Sb5MkAiuDULvTmFldW19o7hZ2tre2d0r7x/c6zhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7Gl7nfnjCleSzvzDRhfkSGkoecEmMl7+q6Bd1+uYKqCCGMMcwJrp0jSxqNuovrEOeWRQUs0eqXP3qDmKYRk4YKonUXo8T4GVGGU8Fmp V6qWULomAxZ11JJIqb9bL7sDJ5YZQDDWNkjDZyr3xMZibSeRsGZtleP2MAmImJG+vdMLv7ldVMT1v2MyyQ1TNLFg2EqoIlh3gAccMWoEVNLCFXc7gzpiChCje2pZMv4+jH8n3hutVFFt26lebFspQiOwDE4BRjUQBPcgBbwAAUcPIBH8ORMnGfnxXldjBacZeYQ/IDz9gnNeJEf</la texit>
DFP 1<latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit>
CFP
<latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZt Iu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoGATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+fr TqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit>
SM
<latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit><latexit sha1_base64="gfABEpWuqrhw9CyWR2/bPcPS4/U=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXMmRa+phd0Y0boT7GFtqhZD KZNjTzIMkIZegfuFVwJW79I/0aM20FFT0QOJx7z829x0s4kwqhd2NpeWV1bb2wUdzc2t7ZLe3t38k4FYQ6JOax6HpYUs4i6iimOO0mguLQ47Tjjc/zeueeCsni6FZNEuqGeBixgBGstHR9czkolZGJ6jW7iiAya8hq2LYmCNWb1Qq0NMlRBgu0B6WPvh+TNKSRIhxL2bNQotwMC8UIp 9NiP5U0wWSMh7SnaYRDKt1stukUHmvFh0Es9IsUnKnfHRkOpZyE3qnUo0fU144Qq5H83ZOLf9V6qQqabsaiJFU0IvMPg5RDFcP8fOgzQYniE00wEUzvDMkIC0yUDqmow/i6GP5PnIppm+iqUm6dLVIpgENwBE6ABRqgBS5AGziAgAA8gEfwZEjj2XgxXuetS8bCcwB+wHj7BKGAkIg= </latexit>
CFP
<latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZtIu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoG ATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+frTqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZtIu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoG ATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+frTqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit><latexit sha1_base64="RWAdcKmQaIok+TEY8iw1pw39j80=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgQUrSi3orFsRjRWMLbZDNZtIu3WzC7kQooT/Bq4In8eov0l/jts1BWx8sPN68mZ15QSq4Rsf5skorq2vrG+XNytb2zu5edf/gQSeZYuCxRCSqG1ANgkvwkKOAbqqAxoG ATjBqTeudJ1CaJ/Iexyn4MR1IHnFG0Uh3rev2Y7Xm1J0Z7GXiFqRGChj/dz9MWBaDRCao1j3XSdHPqULOBEwq/UxDStmIDqBnqKQxaD+frTqxT4wS2lGizJNoz9TfHTmNtR7HwZk2o4cQmo6Y4lAveqbif7VehtGFn3OZZgiSzT+MMmFjYk/vt0OugKEYG0KZ4mZnmw2pogxNShUThrt4+jLxGvXLunPbqDWvilTK5Igck1PiknPSJDekTTzCyIA8kxfyaqH1Zr1bH3NrySp6DskfWJ8/szKQgg==</latexit>
DFP 1<latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit><latexit sha1_base64="+mM3Cdarr5HKHl7E4VIF66XyhJU=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwISGJpY9dURGXFYwttKFMJp N26GQSZiaFEvoNbhVciVs/SL/GSVtBRQ9cOJx7z8y9x08Ylcqy3o3Cyura+kZxs7S1vbO7V94/uJdxKjBxccxi0fWRJIxy4iqqGOkmgqDIZ6Tjjy/zfmdChKQxv1PThHgRGnIaUoyUltyr6za0B+WKZTYbNadag5ZpWXXbsXPi1KvnVWhrJUcFLNEelD/6QYzTiHCFGZKyZ1uJ8jIkF MWMzEr9VJIE4TEakp6mHEVEetl82Rk80UoAw1jo4grO1e+ODEVSTiP/TOqnRyTQjgipkfw9k4t/9XqpChteRnmSKsLx4sMwZVDFME8ABlQQrNhUE4QF1TtDPEICYaVzKukwvi6G/xPXMZumdetUWhfLVIrgCByDU2CDOmiBG9AGLsCAggfwCJ6MifFsvBivi9GCsfQcgh8w3j4B31qR Kg==</latexit>
(a) (b)
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FIG. 15. Schematic phase diagrams in the plane of tuning
parameter r and disorder strength ∆ for N ≥ 2. SM: Dirac
semimetal; DM: diffusive metal; SC: superconductor. For suf-
ficiently small initial values of λ2 and h2, the universality class
of the transition changes beyond a critical disorder strength
from that of the CFP to that of one of the two disordered fixed
points: (a) N = 2 and N = 3; (b) N = 4; (c) N ≥ 5. For suf-
ficiently large λ2 and/or h2, beyond a second critical disorder
strength there is a reentrant critical regime controlled by the
CFP [plotted in (d) for N ≥ 5, but an analogous effect occurs
for 2 ≤ N ≤ 4].
approximation.
VI. CONCLUSION
In conclusion, we have studied the critical properties
of the semimetal-superconductor quantum phase tran-
sition in a model of 2D Dirac semimetal with N fla-
vors of two-component Dirac fermions, in the presence
of quenched disorder assumed to be uncorrelated, but
sufficiently smooth so as to make the probability of scat-
tering between different Dirac cones negligible. Our one-
loop analysis demonstrated the possibility of a general
scenario for critical phenomena in disordered systems, to
our knowledge not explicitly discussed in the literature
so far: a clean critical point may be stable against disor-
der according to the Harris criterion, but yet may be re-
placed by a finite-disorder critical point beyond a certain
finite, critical disorder strength. In the model studied
here such finite-disorder critical points were character-
ized by finite fixed-point values of both the boson-boson
and fermion-boson couplings, and thus were dubbed dis-
ordered fermionic QCPs. Other notable features of the
disordered critical points found included a noninteger dy-
namic critical exponent z > 1, as well as oscillatory cor-
rections to scaling for sufficiently large N .
Possible applications of our results include the
semimetal-superconductor quantum phase transition in
graphene (N = 4) and on the surface of a 3D topologi-
12
cal insulator (N = 1); the experimental results reported
in Ref. [87] are encouraging in regards to the latter, al-
though one would need to additionally tune the chemical
potential to the Dirac point and reach the quantum crit-
ical regime by the application of a nonthermal tuning
parameter such as pressure. With those caveats in mind,
we also note that the surface of 3D topological crystalline
insulators [88, 89] such as SnTe [90], Pb1−xSnxSe [91],
and Pb1−xSnxTe [92] supports N = 4 two-component
Dirac cones, as in graphene, and that superconductiv-
ity has been observed in In-doped SnTe [93, 94], though
presumably of bulk origin. Larger values of N may be ac-
cessible in systems of ultracold large-spin alkaline-earth
fermions [95] loaded into optical honeycomb lattices, such
as those studied theoretically in Ref. [69], but with inter-
actions tuned to be attractive. Alternatively, our results
may be relevant for the Kekule´ valence-bond-solid transi-
tion of repulsively interacting fermions on the honeycomb
lattice, but the interplay of disorder with the C3 point
group symmetry, which is broken by the Kekule´ order
parameter, should be first investigated carefully. Besides
the effect of disorder on the Kekule´ transition, our ap-
proach can also be applied to other fermionic QCPs de-
scribed by GNY-type theories, on which we will report
in future publications.
To further elucidate the critical behavior at N = 1 in
the present model, perturbative calculations at two-loop
order would be necessary. The conformal bootstrap [96],
perturbative RG studies of the clean chiral XY GNY
model at four-loop order [56], as well as quantum Monte
Carlo simulations [65] suggest that ν−1 is slightly above
one at the CFP for N = 1, implying via the Harris cri-
terion that disorder is in fact relevant (as opposed to
marginally relevant as found at one-loop order) at the
CFP. (Interestingly, for N = 4 quantum Monte Carlo
simulations of the Kekule´ transition in graphene [70] and
naive extrapolation of the four-loop GNY -expansion re-
sults [56] predict ν−1 > 1 at the CFP, while Pade´ extrap-
olation of the latter results [56] as well as functional RG
studies of the Kekule´ transition [72] predict ν−1 < 1 in
the clean limit, in agreement with our one-loop result.)
Beyond perturbative RG, it would be interesting to try to
apply strong-disorder RG methods [97–99] to this prob-
lem, as done recently for the 2D bosonic superfluid-Mott
insulator transition [100], or to incorporate the effect
of quenched disorder in the sign-problem-free quantum
Monte Carlo simulations of Ref. [65], as done previously
for the disordered attractive Hubbard model [101].
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Appendix A: Relation between two-component and
four-component formulations
In this section we prove the equivalence between the
two-component formulation of the chiral XY GNY model,
used here and in Ref. [63], and its four-component for-
mulation, used in Ref. [55, 56]. We are only concerned
with the fermion part of the Lagrangian, and will set
cf = 1 for simplicity, without loss of generality. Consider
an even number N = 2Nf of flavors of two-component
Dirac fermions ψα, α = 1, . . . , N . Combining those into
Nf four-component Dirac spinors,
Ψα =
(
ψα
iψα+Nf
)
, α = 1, . . . , Nf , (A.1)
the fermion Lagrangian can be written as
Lf =
Nf∑
α=1
Ψ¯α /∂Ψα + h
φ∗ Nf∑
α=1
ΨTα iΓ2Ψα + H.c.
 ,
(A.2)
where Ψ¯α = Ψ
†
αΓ0, /∂ = Γµ∂µ, and we define the 4 × 4
gamma matrices
Γµ =
(
γµ 0
0 −γµ
)
, µ = 0, 1, 2. (A.3)
One can easily check that the Lagrangian of Sec. II is
reproduced by a suitable choice of 2×2 gamma matrices,
such as γ0 = σ3, γ1 = σ1, and γ2 = σ2. One can further
define the two Hermitian matrices
Γ3 =
(
0 −i
i 0
)
, Γ5 = Γ0Γ1Γ2Γ3 =
(
0 1
1 0
)
, (A.4)
which square to the identity and anticommute with the
gamma matrices (A.3). Defining the charge conjugation
matrix C = iΓ2, we now perform a change of variables
to a new set of Nf four-component spinors χα [102],
Ψα = P−χα + P+Cχ¯Tα , (A.5)
where P± = 12 (1 ± Γ5) are projectors obeying P 2± =
P± and P+P− = P−P+ = 0. Using the properties
CΓµC
−1 = −ΓTµ and P±Γµ = ΓµP∓, µ = 0, 1, 2, the
conjugate spinor is given by
Ψ¯α = χ¯αP+ + χ
T
αCP−. (A.6)
Inserting Eq. (A.5)-(A.6) into the Lagrangian (A.2), and
using the properties CP±C−1 = P∓, PT± = P±, and
CT = C−1 = C† = −C, we find
Lf =
Nf∑
α=1
χ¯α /∂χα + 2h
Nf∑
α=1
χ¯α(φ1 + iφ2Γ5)χα, (A.7)
where φ = φ1 + iφ2, which is the form of the chiral XY
GNY model given in Ref. [55, 56]. In graphene Nf = 2,
thus for us N = 2Nf = 4.
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Appendix B: Calculation of the renormalization
constants at one-loop order
In this Appendix we calculate contributions to the di-
vergent part of the one-loop 1PI effective action, Γdiv,
that correspond to the Feynman diagrams in Fig. 3. De-
manding that the full renormalized 1PI effective action
(including the counterterms) remains finite allows us to
extract the one-loop contributions to the renormalization
constants δZi, i = 1, . . . , 7, r. At one-loop order there is
no diagram consistent with the Feynman rules in Fig. 2
that can renormalize the Yukawa vertex; thus δZ6 = 0 at
this order.
1. Boson two-point function
The diagrams are given in Fig. 3(a,b,c). Fig. 3(a) and
(c) are tadpole diagrams which contribute to the boson
mass renormalization constant Zr, thus in those diagrams
one must use a massive boson propagator,
Dab(p) =
δab
c2p20 + p
2 + rµ2
. (B.1)
For Fig. 3(a), we obtain
δΓ
(a)
div = 4λ
2
∫
dτ p0
(2pi)τ
∫
ddp
(2pi)d
1
c2p20 + p
2 + rµ2
×
∑
a
∫
ddx
∫
dτ τ |φa|2. (B.2)
Here and in the rest of this Appendix momentum inte-
grals are evaluated in the limit , τ → 0 and discarding
all finite terms. We obtain∫
dτ p0
(2pi)τ
∫
ddp
(2pi)d
1
c2p20 + p
2 + rµ2
= − rµ
2
8pi2(− τ ) ,
(B.3)
thus
δZ(a)r =
λ2
2pi2(− τ ) . (B.4)
For Fig. 3(c), ignoring a term which vanishes in the
replica limit we have
δΓ
(c)
div = −∆
∑
a
∫
dDk
(2pi)D
|φa(k)|2
×
∫
ddp
(2pi)d
1
c2k20 + p
2 + rµ2
, (B.5)
where dDk = dτ k0 d
dk. Using∫
dbp
(2pi)d
1
c2k20 + p
2 + rµ2
= −c
2k20 + rµ
2
8pi2
, (B.6)
we find
δZ
(c)
3 = −
∆
8pi2
, δZ(c)r = −
∆
8pi2
. (B.7)
For Fig. 3(b), we have
δΓ
(b)
div = −2Nh2
∑
a
∫
dDk
(2pi)D
φ∗a(k)
×
∫
dDp
(2pi)D
tr
/p(/p+ /k)
p2(p+ k)2
φa(k), (B.8)
where tr denotes a trace over spinor indices. Using Feyn-
man parameters to express
1
p2(p+ k)2
=
∫ 1
0
dx
[xp2 + (1− x)(p+ k)2]2 , (B.9)
and shifting the integration variable p→ p− (1−x)k, we
obtain∫
dDp
(2pi)D
tr
/p(/p+ /k)
p2(p+ k)2
= − k
2
8pi2(− τ ) , (B.10)
using the fact that the gamma matrices are two-
dimensional, as well as the ’t Hooft-Veltman prescrip-
tion [103], ∫
dDp
(2pi)D
1
p2
= 0. (B.11)
We thus obtain
δZ
(b)
3 = −
Nh2c−2
4pi2(− τ ) , δZ
(b)
4 = −
Nh2
4pi2(− τ ) .
(B.12)
2. Fermion two-point function
A unique diagram, Fig. 3(d), contributes to the renor-
malization of the fermion two-point function. The diver-
gent part of the effective action is
δΓ
(d)
div = 4h
2
∑
a
∫
dDk
(2pi)D
ψ¯a(k)
×
∫
dDp
(2pi)D
/p+ /k
(c2p20 + p
2)(p+ k)2
ψa(k). (B.13)
Using Feynman parameters as in Eq. (B.9), and shifting
p→ p− (1− x)k to perform the integral over p first, we
have
I1 ≡
∫
dDp
(2pi)D
/p+ /k
(c2p20 + p
2)(p+ k)2
=
Γ(/2)
(4pi)d/2
∫ 1
0
dx
∫
dτ p0
(2pi)τ
γ0(p0 + k0) + xγ · k
(M2)/2
,
(B.14)
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where
M2 =
(
1 + (c2 − 1)x)
×
[
`20 +
x(1− x)k2
1 + (c2 − 1)x +
x(1− x)c2k20(
1 + (c2 − 1)x)2
]
,
(B.15)
with
`0 = p0 +
(1− x)k0
1 + (c2 − 1)x. (B.16)
Shifting the integral over p0 to one over `0, we have, in
the limit , τ → 0,
I1 =
1
8pi2(− τ )
∫ 1
0
dx
(
xc2
1 + (c2 − 1)xγ0k0 + xγ · k
)
=
1
8pi2(− τ )
(
c2(c2 − 1− ln c2)
(c2 − 1)2 γ0k0 +
1
2
γ · k
)
.
(B.17)
We thus obtain
δZ
(d)
1 = −
h2f(c2)
2pi2(− τ ) , δZ
(d)
2 = −
h2
4pi2(− τ ) ,
(B.18)
with f(c2) defined in Eq. (43).
3. Boson self-interaction
The relevant diagrams are given in Fig. 3(e,f,g), where
(e) and (g) are meant to include diagrams in all three
(s, t, u) scattering channels.
For Fig. 3(e), we have
δΓ
(e)
div = −2λ4
∑
a
∫
dDk
(2pi)D
(
4|φa|2−k|φa|2k + (φ∗2a )−k(φ2a)k
)
×
∫
dDp
(2pi)D
1
(c2p20 + p
2)(c2(p0 + k0)2 + (p+ k)2)
.
(B.19)
As before, we use Feynman parameters to perform the
integral over p first, shifting p→ p− (1− x)k,
I2 ≡
∫
dDp
(2pi)D
1
(c2p20 + p
2)(c2(p0 + k0)2 + (p+ k)2)
=
Γ(/2)
(4pi)d/2
∫ 1
0
dx
∫
dτ `0
(2pi)τ
1
(c2`20 +Q
2)/2
, (B.20)
with Q2 = x(1−x)(c2k20+k2), and we have shifted the in-
tegral over p0 to one over `0 = p0 +(1−x)k0. Performing
the integrals over `0 and x, we obtain I2 = 1/[8pi
2(−τ )],
and thus
δZ
(e)
5 =
5λ2
4pi2(− τ ) . (B.21)
For Fig. 3(f), we have
δΓ
(f)
div = 4Nh
4
(
4∏
i=1
∫
dDki
(2pi)D
)
(2pi)Dδ
(
4∑
i=1
ki
)
× φ∗a(−k1)φ(k2)φ∗a(−k3)φa(k4)
∫
dDp
(2pi)D
× tr /p(/p− /k1)(/p− /k1 − /k2)(/p+ /k4)
p2(p− k1)2(p− k1 − k2)2(p+ k4)2 .
(B.22)
Using four Feynman parameters,
1
A1A2A3A4
= 3!
∫ 1
0
dx
∫ 1
0
dy
∫ 1
0
dz
∫ 1
0
dw
× δ(x+ y + z + w − 1)
(xA1 + yA2 + zA3 + wA4)4
, (B.23)
as well as
tr γµγλγνγρ = 2(δµλδνρ + δλνδµρ − δµνδλρ), (B.24)
to perform the spinor trace, we find that after shifting p
appropriately the denominator can be expressed as (p2 +
P 2)4 where P 2 is independent of p, and the numerator
contains powers of p ranging from one to four. For D =
4− (− τ ), only the term with (p2)2 will give a pole in
− τ . Using∫ 1
0
dx
∫ 1
0
dy
∫ 1
0
dz
∫ 1
0
dw δ(x+ y + z + w − 1) = 1
3!
,
(B.25)
we find
δΓ
(f)
div =
Nh4
pi2(− τ )
∑
a
∫
dDx |φa|4, (B.26)
and thus
δZ
(f)
5 = −
Nh4λ−2
pi2(− τ ) . (B.27)
The diagrams with one disorder vertex and one boson
self-interaction vertex contribute to the renormalization
of both λ2 [Fig. 3(g)] and ∆ [Fig. 3(h)]. Here we focus
only on those diagrams that contribute to the renormal-
ization of λ2. We have
δΓ
(g)
div = 2λ
2∆
∑
a
∫
dDk
(2pi)D
∫
dDq
(2pi)D
×
(
|φa|2−kφαa (k + q)φαa (−q)
+ 2(φαaφ
β
a)−kφ
α
a (k + q)φ
β
a(−q)
)
×
∫
ddp
(2pi)d
1
(c2q20 + p
2)(c2(q0 + k0)2 + (p+ k)2)
,
(B.28)
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denoting φ1a = Reφa, φ
2
a = Imφa, and with sums over
repeated indices α, β = 1, 2 understood. Denoting m21 =
c2q20 and m
2
2 = c
2(q0 + k0)
2, the loop integral is
∫
ddp
(2pi)d
1
(p2 +m21)((p+ k)
2 +m22)
=
1
8pi2
, (B.29)
using Feynman parameters and shifting p→ p−(1−x)k.
We thus obtain
δΓ
(g)
div =
3λ2∆
4pi2
∑
a
∫
dDx |φa|4, (B.30)
and
δZ
(g)
5 = −
3∆
4pi2
. (B.31)
4. Disorder strength
The two diagrams are Fig. 3(h) and (i). For Fig. 3(h),
we have
δΓ
(h)
div = 4λ
2∆
∑
ab
∫
ddk
(2pi)d
∫
dτ τ
∫
dτ τ ′|φa|2−k,τ |φb|2k,τ ′
×
∫
dDp
(2pi)D
1
(c2p20 + p
2)(c2p20 + (p+ k)
2)
.
(B.32)
The loop integral is the same as I2 in Eq. (B.20), but with
k0 = 0, which does not change the result I2 = 1/[8pi
2(−
τ )] in the limit , τ → 0. We thus have
δΓ
(h)
div =
λ2∆
2pi2(− τ )
∑
ab
∫
ddx dτ τ dτ τ ′ |φa|2x,τ |φb|2x,τ ′ ,
(B.33)
hence
δZ
(h)
7 =
λ2
pi2(− τ ) . (B.34)
Finally, ignoring a term which vanishes in the replica
limit, Fig. 3(i) is given by the sum of two contributions:
δΓ
(i,1)
div = −∆2
∑
ab
∫
ddk
(2pi)d
∫
dτ τ
∫
dDq
(2pi)D
× |φa|2−k,τφαb (k + q, q0)φαb (−q)
×
∫
ddp
(2pi)d
1
(c2q20 + p
2)(c2q20 + (p+ k)
2)
,
(B.35)
and
δΓ
(i,2)
div = −∆2
∑
ab
(
4∏
i=1
∫
ddki
(2pi)d
)
(2pi)dδ
(
4∑
i=1
ki
)
×
∫
dτ p0
(2pi)τ
∫
dτ q0
(2pi)τ
× φαa (k1, p0)φαa (k4,−p0)φβb (k3, q0)φβb (k2,−q0)
×
∫
ddp
(2pi)d
1
(c2p20 + p
2)(c2q20 + (p+ k3 + k4)
2)
.
(B.36)
Both integrals over the loop momentum p are of the form
(B.29), and thus evaluate to 1/(8pi2). Performing the
remaining integrals, we obtain
δΓ
(i,1)
div + δΓ
(i,2)
div = −
∆2
4pi2
∑
ab
∫
ddx dτ τ dτ τ ′
× |φa|2(x, τ)|φb|2(x, τ ′), (B.37)
thus
δZ
(i)
7 = −
∆
2pi2
. (B.38)
Adding up the various contributions and rescaling the
couplings λ2, h2, and ∆ by (4pi)2, we obtain the renor-
malization constants in Eq. (35)-(42).
Appendix C: Oscillatory corrections to scaling
We derive the existence of oscillatory corrections to
scaling [82] for N ≥ 7 at the DFP 2 due to the
presence of a pair of complex-conjugate eigenvalues of
the stability matrix. Passing over to a Wilsonian de-
scription, and ignoring corrections to the dynamic crit-
ical exponent, the two-point function of the order pa-
rameter χ(q) = 〈φ(q)φ∗(q)〉 obeys the scaling relation
χ(q, r(0)) = e(2−ηφ)`χ(e`q, r(`)), where ` is an infrared
scale parameter, r(0) is the bare relevant tuning parame-
ter for the transition, and r(`) is the renormalized tuning
parameter, which obeys the differential equation
dr(`)
d`
= [2− γm2(g(`))]r(`). (C.1)
Similarly, g(`) =
(
c2, h2, λ2,∆) is a vector of renormal-
ized couplings, which obeys the differential equation
dg(`)
d`
= β(g(`)), (C.2)
where β = (βc2 , βh2 , βλ2 , β∆) is a vector of beta func-
tions given by Eq. (45)-(48), but with a minus sign since
d` = −d lnµ. Defining `r such that r(`r) = r0 for some
arbitrary constant r0, we find that the uniform thermo-
dynamic susceptibility behaves as χ(q = 0, r) ∼ e(2−ηφ)`r
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where we now denote r(0) by r for simplicity, and `r de-
pends on r in a manner to be determined. Integrating
Eq. (C.1) from ` = 0 to ` = `r, we find
ln
(r0
r
)
=
∫ `r
0
d` [2− γm2(g(`))]. (C.3)
Linearizing Eq. (C.2) near the fixed point g∗, we have
d
d`
(
g(`)− g∗
)
= M
(
g(`)− g∗
)
, (C.4)
which is solved by diagonalizing M = PDP−1 where D
is a diagonal matrix. Now, γm2 in Eq. (C.3) can be read
off from Eq. (49), and is linear in the couplings:
γm2(g(`)) = a · g(`) = a · g∗ +
∑
i
ui(0)a · vie−ωi`,
(C.5)
where the eigenvalues of M are denoted as −ωi, vi are
the respective eigenvectors, and u(0) is a vector of initial
conditions,
u(0) = P−1
(
g(0)− g∗
)
. (C.6)
Substituting into Eq. (C.3), we obtain
ln
(r0
r
)
= ν−1`r +
∑
i
ui(0)
ωi
a · vi
(
e−ωi`r − 1) , (C.7)
where ν−1 = 2 − γm2(g∗). Assuming that the deviation
(C.6) from the fixed point is small, we can solve for `r to
O(u(0)),
`r = ν ln
(r0
r
)
−
∑
i
νui(0)
ωi
a · vi
[(
r
r0
)νωi
− 1
]
+O(u(0)2). (C.8)
The susceptibility thus becomes
χ ∼ |r|−γ
[
1−
∑
i
γui(0)
ωi
a · vi
(
r
r0
)νωi
+O(u(0)2)] ,
(C.9)
where γ = (2− ηφ)ν is the usual susceptibility exponent.
Real (positive) eigenvalues ω ∈ R produce the usual
corrections to scaling χ ∼ |r|−γ(1 + C|r|νω + . . .) [104].
Since the stability matrix M in Eq. (C.4) is real, complex
eigenvalues ω = ω′ + iω′′, if any, must come in complex-
conjugate pairs ω, ω∗. The associated eigenvectors v,v∗
are also complex conjugates since Mv = −ωv and M is
real. Finally, since the components ui obey the differ-
ential equation dui/d` = −ωiui, the component of u(0)
associated with ω∗ must also be the complex conjugate of
the component associated with ω. As a result the correc-
tions to scaling due to a single pair of complex-conjugate
eigenvalues ω′ ± iω′′ are of the form
χ ∼ |r|−γ
[
1 +
(
1
2
Ceiφ
(
r
r0
)ν(ω′+iω′′)
+ c.c.
)
+ . . .
]
∼ |r|−γ
[
1 + C
∣∣∣∣ rr0
∣∣∣∣νω′ cos(νω′′ ln ∣∣∣∣ rr0
∣∣∣∣+ φ)+ . . .
]
,
(C.10)
where C and φ are nonuniversal constants, but the expo-
nents ω′ and ω′′ (see Fig. 13) are universal.
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